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Available online 29 October 2016AbstractBackground/Objective: Ankle fractures, even if treated surgically, usually take a long time to heal. For all patients with ankle fracture,
immobilisation is a critical part of treatment. Short-leg walking boots (WBs) have been reported to be an effective alternative to plaster casts
(PCs) that could shorten this postoperative recuperative period. The aim of this study was to compare the functional recovery of a conventional
PC with that of a WB after surgery for ankle fractures.
Methods: Forty-seven patients (mean age, 53.9± 12 years) who had undergone surgical operation for an unstable ankle fracture from January
2008 to October 2014 were reviewed retrospectively. Either a PC or a WB was prescribed postoperatively, with 25 patients and 22 patients,
respectively. The time that it took the patient to stand unipedal on the affected side after allowing full-weight bear and to walk without crutches
were used for assessment of functional recovery. The prevalence of postoperative loss of reduction and nonunion was also reviewed.
Results: Both the time of being able to stand unipedal on the injured side and to walk without crutches were significantly shorter in patients using
WBs (WB, 2.6 weeks; PC, 4.5 weeks, p¼ 0.01; WB, 1.4 weeks; PC, 3.1 weeks, p¼ 0.03). There were no patients with loss of reduction or
nonunion.
Conclusion: Patients who used WBs showed a significantly faster recovery. WBs have an adjustable heel lift that allows users to change the ankle
position slightly plantarflexed that helps walking in a postoperative swollen ankle. WBs are easy to slip on, and it is easy to adjust the ankle
position in conformity with swelling so that the least painful position could be maintained during walking. WBs have good fixity to allow
immediate weight-bearing postoperatively, and there were no cases with loss of reduction postoperatively. The Rocker bottom design minimises
the sagittal plane motion in the specific joint of the foot, which also facilitates the course of recuperation. An ankle fracture fixed appropriately
endures loading when a WB is used. The WB treatment results in faster functional recovery, allowing the patients to return to normal activity at a
faster rate.
© 2016, Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte Ltd. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Ankle fractures are relatively common,1e3 often occurring
as a result of injuries during sports, a fall, or twisting the ankle.
The treatment of an ankle fracture depends on the type of the
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healing process can be affected by many factors, including the
fracture type, age, underlying medical condition, and methods
of rehabilitation. For all patients with ankle fracture, immo-
bilisation is a critical part of treatment on rehabilitation re-
gimes. Ankle fractures require restricting load on the affected
ankle by putting on a plaster cast (PC) or a splint for a certain
length of time. It has always been a challenge for orthopaedic
surgeons to shorten this postoperative recuperative period.
Numerous postoperative care regimes have been proposedublished by Elsevier (Singapore) Pte Ltd. This is an open access article under
Figure 1. Bledsoe Walking Boot used in the study.
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mobilisation and weight-bearing.4e18 Nevertheless, post-
operative immobilisation of the ankle joint remains a critical
component of postoperative care, although controversy per-
sists regarding its method. Historically, Lindsj€o19 applied a PC
after an operation for ankle fracture. Since then, it has become
the main immobiliser for the postoperative treatment of ankle
fractures and injuries. Meanwhile, a semirigid functional
orthosis is easy to use and has been shown to provide good
functional results for stable lateral malleolar fractures.6 It
suggested light immobilisation and promoted the idea that
orthosis is good enough to maintain the stability only in the
treatment for stable ankle fracture. A thorough consideration
of the method of immobilisation depending on the condition of
the postoperative ankle may be of benefit. Short-leg walking
boots (WBs) have been reported to be an effective alternative
to PCs for various foot and ankle diseases. Various advantages
of removable WBs have been reported including the ease of
application without requiring specialised training and the fa-
cility to take them off and perform range of motion (ROM)
exercises.14 Yet, previous studies have only focused on the
foot plantar pressure and gait patterns in WBs.20e22 Only a
few reports have investigated their functional effects.4 In
Japan, it is much less common to put on a WB than a PC after
ankle surgeries. The aim of this study was to investigate the
functional effect of WBs in patients with an ankle fracture
treated surgically. The hypothesis was that the postoperative
treatment of an ankle fracture with a WB would result in a
better functional recovery compared to the conventional PC
method. A retrospective, 6-month follow-up study of post-
operative management of patients with ankle fracture was
carried out, and functional evaluations were compared.
Materials and methods
The records of 47 patients (mean age, 53.9± 12 years) who
were treated surgically for an ankle fracture at our hospital
from January 2008 to October 2014 were reviewed retro-
spectively. This study was conducted in conformity with the
principles of the Helsinki Declaration. The study was a
retrospective review of the medical records and hence did not
require a review by the Local Research Ethics Committee. The
diagnosis was made with a plain radiograph, which was a
displaced or an unstable fracture of the ankle including
unimalleolar, bimalleolar, and trimalleolar injuries. Patients
who were treated surgically and were followed up for at least 6
months were included. Patients with a pilon fracture of the
tibia, an open fracture, multiple trauma, a history of previous
ankle surgery, and who were unable to adhere to the post-
operative protocol were excluded. The surgical procedure in
all patients was an open reduction and an internal fixation in
accordance with the AO/ASIF (Association for Osteosyn-
thesis/Association for the study of Internal Fixation)
methods.23 Either a PC (25 patients) or a WB (22 patients)
(Bledsoe Brace Systems, Grand Prairie, TX, USA: Figure 1)
was prescribed postoperatively. The patient demographics aregiven in Table 1. Patients in the WB group were significantly
older with more severe cases than those in the PC group.
Lateral malleolus fractures were fixed by using a plate and
screws, and medial malleolus and posterior malleolus fractures
were fixed by using screws. All patients were treated by
general or spinal anesthesia.
After a rigid internal fixation, all patients were treated in a
backslab half cast for 7e10 days postoperatively and were not
allowed to weight-bear. After the stitches were removed, the
PC group was managed with the conventional treatment of a
below-knee PC. The primary surgeon decided when to start
weight-bearing. The WB group was treated with WBs with
weight-bearing as tolerated. All patients were seen weekly as
outpatients by physiotherapists. Patients were advised to
conduct exercises every day. Standard anteroposterior and
lateral radiographs were taken at 14 days, 6 weeks, 3 months,
and 6 months postoperatively to assess the healing of the
fracture and the alignment of the affected ankle.
Functional recovery was assessed in terms of the time it
took the patient to stand unipedal on the affected side after
being allowed to full-weight bear, the time it took the patient
to walk without crutches, and the final ROM of the affected
ankle joint. The type of internal fixation (locking or non-
locking), operative duration, and the time it took until the
Table 1
Basic characteristics and assessments in both groups.
WB group (n¼ 22) PC group (n¼ 25) p
Basic characteristics
Male/female 11/11 11/14 0.0.52
Agea (y) 53.9± 11.9 43.8± 16.1 0.026
Injury
AO A1 2 2
AO A2 0 2
AO B1 6 8
AO B2 5 5
AO B3 8 2
AO C1 0 3
AO C2 1 2
AO C3 1 0
Dislocation fracture 10 3
Assessments
Nonlocking/locking 4/18 1/24 d
Surgical durationa (min) 118± 39.1 98± 36.1 0.108
Time the patients were allowed to put full weight on affected sidea (wk) 5.5± 0.9 5.8± 1.5 0.732
Time that it took the patient to stand unipedal on the affected side after allowing full weight bearinga (wk) 1.4± 1.7 3.1± 2.2 0.003
Time that it took the patient to walk without crutchesa (wk) 2.6± 1.8 4.5± 2.3 0.001
ROM of anklea (difference between unaffected side) 5± 3.8 5.2± 2.8 0.842
Loss of reduction 0 0 d
Nonunion 0 0 d
PC¼ plaster cast; ROM¼ range of motion; WB¼walking boot.
a The scores are given as the mean± standard deviation.
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as well as the prevalence of the postoperative loss of reduction
and nonunion were also reviewed.Statistical analysisThe data were analysed with SPSS statistical software
(version 7; SPSS Inc., Chicago, IL, USA). After the descrip-
tive analysis between the two groups, ManneWhitney U test
and Chi-square test were performed for continuous and cate-
gorical variables, respectively. In all tests, statistical signifi-
cance was set at p< 0.05. The given significance levels refer to
two-tailed tests. The results are expressed as the media-
n± interquartile range. Although we obtained a substantial
amount of patient data, we chose a nonparametric test to
obtain strict results and thus avoid type I error. Moreover,
when we run both KolmogoroveSmirnov test and Shapir-
oeWilk tests, we could not confirm those parameters. Even
though we ran parametric tests, there were no discrepancies
from the nonparametric results.
Results
The WB group showed a significantly better functional
recovery with significantly shorter times for the patient to
stand unipedal on the affected side after allowing full-weight
bear ( p¼ 0.01) and to walk without crutches ( p¼ 0.03).
However, there was no significant difference in the final ROM
between the two groups ( p¼ 0.842). There were similar se-
lections of the type of fixation, no significant difference in
operative duration ( p¼ 0.108) or the time that the patientswere allowed to put full weight on the affected ankle
( p¼ 0.732). There were no patients with loss of reduction or
nonunion (Table 1).
Discussion
The results of this study showed a superior functional re-
covery of the WB group regardless of the age differences and
the severity of the injury. The times for the patients to stand
unipedal on the affected side after allowing full-weight bear
and to walk without crutches were significantly shorter after
allowing full weight bearing. In this retrospective study,
although the WB group had significantly more severe fractures
and older patients, the group collectively showed a significantly
faster recovery after full weight bearing was allowed. Multiple
factors such as the choice of surgical implants, type of
immobilisation and the rehabilitation regime are known to
affect postoperative outcomes.5,6,8,11,12,14,24 In particular, the
postoperative treatment protocols that have been reported in the
literature vary and remain a subject of controversy.5,9,10,25,26
Several studies advocated early weight bearing on stable
ankle fractures treated conservatively or after successfully
performed osteosynthesis.5,15 However, it has not been easy to
follow this concept in clinical practice as many patients
complain about swelling and pain of the treated ankle. Previous
studies showed that a WB reduces plantar pressure,22,27 but
there is little consensus on what actually contributes to its
reduction. It has been inferred that the fastening leg strap re-
duces the load on the ankle joint with a similar mechanism as a
patella tendon bearing brace.28,29 The degree of the reduction
in plantar pressure is affected by the size of the boot and the
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the ankle joint would not be constant.20e22,30,31 The load dis-
tribution would also differ according to the change in ankle
position. Crenshaw et al20 reported that placing the ankle in a
5 plantarflexed position would increase the pressure under the
hindfoot, whereas the ankle in a dorsiflexed position would
decrease it. WBs have an adjustable heel lift so that the ankle
position could be modified to a slightly plantarflexed position,
which facilitates walking in a postoperative swelling ankle.
Although it is possible to apply the PC in a slightly plantar-
flexed position as well, it is difficult to determine the appro-
priate angle because the postoperative swelling condition varies
depending on the time course. WBs are easy to slip on and
make it easy for users to adjust the ankle position in conformity
with swelling so that the patient can walk whilst the least
painful position is maintained.
Another feature of the WB is the rocker bottom design
(Figure 2). A rocker bottom shoe produces alteration in ankle
biomechanics especially during the push-off phase in gait. It
minimises the foot roll-over motion at the metatarsophalangeal
joint of the foot.32e34 It is reasonable that the foot in a rocker
bottom design would roll forward more to be flat with the
ground rather than plantarflexing as it would naturally do in
flat-bottom shoes. Also, the rocker bottom design facilitates
roll-over motion. As a result, it has an effect on the reduction of
the plantar pressure, especially at the forefoot.32 This rocker
bottom design, combined with the ankle position, complicated
the matter of weight-bearing. The muscle activity of the lower
limb when using a rocker bottom design has been con-
troversialdi.e. whether it is higher or similar compared to
wearing standard shoes.32,35 Applying a below-knee cast for a
long period leads to atrophy of the lower leg muscles.36 As
walking speed is known to be related to the strength of the
distal lower leg muscles,37,38 prevention of their atrophy would
be important to facilitate the course of early recuperation.
None of the patients showed loss of reduction or nonunion
although the fracture site had been under loading after surgery.
This finding indicates that an appropriately fixed ankle fracture
could endure loading when the ankle is protected by a WB. Yet,
when to start full weight bearing remains a matter of debate.5
The WB group started to weight-bear after 10e14 days after
surgery. As a result, none of the participants had loss of
reduction. However, all participants in this study had stable,Figure 2. Rocker bottom sole of the walking boot.anatomically adequate fixations by surgery. Early weight
bearing may be applied in patients who are considered to have
had the fractures fixed firmly by operation. A previous sys-
tematic review showed that early weight-bearing tends to
accelerate the return to work and daily activities compared to
late weight-bearing.15 With regard to the risk of wound prob-
lems by an early weight-bearing regime,5,8 the reasonable time
to start weight-bearing may be after the healing of the wound.
This study has several limitations. First, the investigation
was retrospective and was conducted at a single general hos-
pital with a relatively small number of patients. Second, the
muscle volume of the lower limbs was not measured and
hence, we were not able to measure muscle atrophy induced
by immobilisation. A prospective randomised trial with sam-
ple size calculation that also includes the measurement of the
muscle volume of the lower limbs in the two groups of WBs
and PCs would be necessary to determine the benefit of a WB.
In conclusion, we compared the functional recovery of
patients using a conventional PC with that of patients using a
WB after undergoing surgery for ankle fractures. The WB
group showed a significantly faster functional recovery. AWB
has an adjustable heel lift allowing users to change the ankle
position to a slightly plantarflexed position that facilitates
walking in a postoperative swollen ankle. Furthermore, WBs
are easy to slip on and make it easy to adjust the ankle position
in conformity with the swelling so that the patient can walk
whilst the least painful position is maintained. It is stable
enough to allow immediate weight-bearing postoperatively,
and no loss of reduction was seen. The Rocker bottom design
minimises the sagittal plane motion in specific joints of the
foot, which also facilitates the course of recuperation. An
ankle fracture fixed appropriately endures loading when a WB
is used. The WB treatment results in faster functional recov-
ery, allowing the patients to return to normal activities at a
faster rate.
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